Objective: This study aimed (1) to investigate the relationship between the presence of lymph node central necrosis, viewed on pre-operative computed tomography imaging, and the occurrence of histopathologically determined metastatic lymph node extracapsular spread and (2) to determine whether a larger scale study would be valuable.
Introduction
In head and neck squamous cell carcinoma cases, the histopathological identification of lymph nodes containing tumour metastasis with extracapsular spread is a poor prognostic indicator; it has been associated with a 50 per cent decrease in survival and an approximately 1.5-to 3.5-fold increase in regional recurrence. [1] [2] [3] In addition, large, multicentre studies have established histologically identified extracapsular spread as a major determinant of whether a patient would benefit from adjuvant chemotherapy. 4 Therefore, the ability to predict lymph node extracapsular spread prior to treatment may be helpful in guiding subsequent therapy, both in non-surgical cases (which would benefit from concurrent chemoradiotherapy) and surgical cases (which may require adjuvant chemotherapy).
Contrast-enhanced computed tomography (CT) is the imaging modality most commonly used to evaluate cervical lymph node status. The CT criteria for lymph node analysis include: size, the presence of central necrosis, and the appearance of a cluster of lymph nodes in the expected drainage path of a tumour. However, such analysis may not be accurate in the setting of recent surgery, radiation or infection. 5 The best radiological predictor of lymph node metastasis is a finding of central lymph node necrosis, which has been reported to carry nearly 100 per cent accuracy in predicting the presence of metastatic disease. 6, 7 Radiologically, lymph node central necrosis is defined as a central area of low attenuation surrounded by an irregular rim of enhancing tissue.
Two entities may mimic malignant lymph node central necrosis: lipid metaplasia and abscess. Lipid metaplasia is fatty degeneration secondary to inflammation or irradiation, and is usually found at the periphery of the node, while an abscess can typically be differentiated clinically.
Radiological findings which suggest lymph node extracapsular spread comprise nodal capsular enhancement, infiltration of adjacent fat or muscle planes, and capsular contour irregularity. 8, 9 The use of CT for the identification of extracapsular spread has a sensitivity of 81 per cent and a specificity of 72 per cent, compared with 57-77 per cent and 57-72 per cent, respectively, for magnetic resonance imaging (MRI). 10 For MRI scanning, pre-contrast T1-and T2-weighted images are more sensitive than gadolinium-enhanced T1-weighted images. 9 Ultrasonography has been shown to be acceptably sensitive, but less specific, for the detection of extracapsular spread.
11
While there is some existing radiographic evidence of the prognostic usefulness of lymph node extracapsular spread, it remains unclear whether a finding of lymph node central necrosis on pre-operative CT is predictive of histopathologically determined extracapsular spread.
Lymph node central necrosis is clearly related to lymph node size, and is observed as a relatively late event in tumour progression, occurring particularly after massive tumour infiltration. Don et al. found that metastatic lymph nodes 20.0 mm in diameter or greater tended to have central necrosis. 12 In addition, the ability to palpate tumours beneath the strap muscles or sternocleidomastoid muscle is a fairly specific indicator of central necrosis. 12 Increased lymph node size on radiographic imaging is significantly related to histologically identified extracapsular spread. Many studies have shown that nodal (N) staging, which is based on the diameter of the largest lymph node, is related to capsular rupture. [13] [14] [15] [16] Snyderman et al. noted that lymph nodes 3 cm or more in diameter had a risk of rupture 14.3 times greater than that of nodes less than 3 cm in diameter. 2 However, small nodes less than 1 cm in diameter may also have extracapsular spread, with an incidence as high as 25 per cent. 2, 17 It is not known whether an association exists between radiographic lymph node central necrosis and histopathological extracapsular spread.
This study of patients undergoing neck dissection for metastatic head and neck squamous cell carcinoma investigated the relationship between the presence of cervical lymph nodes with central necrosis, as seen on pre-operative CT imaging, and the post-operative histopathological identification of lymph node extracapsular spread. A limited number of patients were studied, in order to determine whether a larger study would be valuable.
Materials and methods
We undertook a clinicopathological study of 17 consecutive patients diagnosed with head and neck squamous cell carcinoma, who underwent 19 consecutive neck dissections. This was a retrospective chart review.
The study was approved by the New York University School of Medicine IRB.
Pre-operative CT appearances, operative findings and post-operative histopathological analysis results were correlated for these 17 patients' 19 neck dissections.
Pre-operative CT scans were assessed by a head and neck radiologist and the senior surgeon (DM), with attention to lymph node size, level, and the presence or absence of central necrosis. Figure 1 shows an example of a representative lymph node with central necrosis, visible on an axial, contrast-enhanced CT scan of the neck.
All specimen were oriented by having lymph node levels I through V labeled individually with staples and/or sutures. The resected surgical specimens were then examined, during the present study, by an experienced surgical pathologist (HY), specifically noting lymph node involvement, size, calcification, fibrosis, necrosis, and microscopic and/or macroscopic extracapsular spread. Signs of microscopic and macroscopic extracapsular spread were grouped together as showing 'extracapsular spread'. Peri-operative records of lymph node size and location were used to match the lymph nodes observed radiographically with the resected lymph nodes analysed histopathologically. In no surgical specimen was there more than one lymph node with radiologically identified central necrosis within a single nodal level.
These data were used to correlate radiological identification of lymph node central necrosis with histopathological findings of lymph node diameter, calcification, fibrosis, necrosis and extracapsular spread.
Statistical analysis was undertaken using Fisher's exact test, calculated utilising the Winstat version 2006.2 software package (Wistat, Lehigh Valley, Pennsylvania, USA).
Results and analysis
All 17 patients were male. The mean patient age was 57 years; patients' ages ranged from 47 to 76 years. These patients' primary tumour sites were: the larynx (four patients), floor of the mouth (three), tongue (three), hypopharynx (three), tonsil (three) and unknown (one). Patients' tumour (T) stages were: T 1 (one patient), T 2 (eight), T 3 (seven) and T 4 (one). Their N stages were: N 1 (four patients), N 2 (10) and N 3 (three).
Twelve patients underwent modified radical neck dissection, and four underwent selective neck dissection. The mean time interval between pre-operative CT and surgery was 86 days. Nine of the 17 patients (53 per cent) received pre-operative radiation therapy, and seven of those nine underwent this radiation between CT scanning and surgery. All but two patients received chemotherapy.
Of the 19 neck dissections, 13 (68 per cent) involved patients with radiographic evidence of lymph node central necrosis. On final histopathological analysis, five of the 19 neck dissections (26 per cent) involved nodes with extracapsular spread. In no case did we observe more than one lymph node with radiographic central necrosis or histopathological extracapsular spread in a single nodal station, which helped ensure reliable clinicopathological matching.
Mean nodal diameter did not differ between nodes with and without histopathological extracapsular spread (p = 0.83). However, lymph nodes showing central necrosis on pre-operative CT scanning were significantly larger than those without central necrosis. (Table I) . Only three of the 12 (25 per cent) patients with lymph node central necrosis on pre-operative CT were found to have actual central necrosis on histopathological analysis.
For the determination of histopathological extracapsular spread, a finding of lymph node central necrosis on pre-operative CT had a sensitivity of 95 per cent and a specificity of 85 per cent. The twotailed p value, calculated by Fisher's exact test, was statistically significant, with p < 0.0001.
Positive predictive value and negative predictive value can be calculated based on Bayes's theorem. The results depend on the overall estimate of the incidence of extracapsular spread in all cases of metastatic head and neck squamous cell carcinoma. Previous studies have placed this incidence at anywhere between 22 and 75 per cent, but favouring the lower end of this range.
1,2 Therefore, we used a prevalence of 25 per cent. Incorporating this figure, we calculated that lymph node central necrosis on pre-operative CT had a positive predictive value of 69 per cent and a negative predictive value of 98 per cent as an indicator of histopathological lymph node extracapsular spread.
Discussion
Our results indicate that a finding of lymph node central necrosis on pre-operative CT is associated with the presence of histopathologically verified metastatic lymph node extracapsular spread, and that a lack of radiographic lymph node central necrosis carries a 98 per cent negative predictive value for extracapsular spread. Given its low number of patients, the current study can only generate hypotheses, but it does demonstrate that a larger scale study of this type would be worthwhile. As lymph node extracapsular spread is a critical prognostic factor in head and neck squamous cell carcinoma, information from a larger study may be helpful in informing therapeutic decision-making.
In a study of laryngeal and hypopharyngeal carcinoma cases, Carvalho demonstrated that macroscopic lymph node extracapsular spread was the most important independent prognostic indicator of survival; its presence increased the risk of recurrence 3.5-fold. Carvalho inferred that lymph node extracapsular spread should also be confirmed histologically, as such identification could also assist treatment planning. 3 Jose et al. reported that actuarial and disease-free survival were both negatively affected by the finding of lymph node extracapsular spread, whether macroscopic or microscopic, suggesting that cases with extracapsular spread of any kind warrant more aggressive therapy. 18 In the current study, pre-operative CT scanning indicated that lymph nodes with central necrosis were on average larger than those without necrosis; however, final histopathological analysis showed that the mean diameter of nodes with and without extracapsular spread did not differ. This seems contrary to many previous studies which showed a direct correlation between lymph node size and extracapsular spread. This apparent contradiction may have occurred due to a wider range of lymph node sizes encountered in our study, compared with previous studies. 2, 17 In order to demonstrate that extracapsular spread was common in lymph nodes smaller than 3 cm in size, Johnson and colleagues conducted two studies; both showed that extracapsular spread was found in approximately 60 per cent of patents with cervical metastases consisting of nodes less than 3 cm in diameter. 1, 13 Furthermore, patients with metastatic lymph node extracapsular extension had decreased survival rates and shorter disease-free intervals. This suggests that lymph node extracapsular spread can be prognostic even in small lymph nodes. One of Johnson and colleagues' studies, a retrospective analysis of 349 patients, demonstrated that histological evidence of extracapsular spread was a statistically significant predictor of decreased patient survival. In addition, the disease-free interval and the time to development of recurrent disease were shorter in patients with extracapsular spread, including those with nodal metastases smaller than 3 cm in size. 1, 13 Metastatic lymph node extracapsular spread may be most common in patients who develop distant metastases. In a retrospective cohort of 130 patients, Alvi and Johnson found that 88 per cent of patients with distant metastases had lymph node extracapsular spread, compared with only 60 per cent without distant metastases (p < 0.001). 19 Lefebvre et al. obtained similar results in a retrospective study of patients with hypopharyngeal and laryngeal cancer. 19 Patients with more than three metastatic lymph nodes and lymph node extracapsular spread had approximately three times the rate of distant metastases, compared with patients without nodal metastasis or extracapsular spread.
All the aforementioned studies support the well accepted theory that lymph node extracapsular spread is associated with advanced or high risk disease.
In the present study, final analysis indicated that the sensitivity and specificity of radiographic lymph node central necrosis in detecting extracapsular spread were 95 and 85 per cent, respectively, and that radiographic lymph node central necrosis had a positive predictive value of 68.8 per cent for extracapsular spread. Furthermore, radiographic lymph node central necrosis had a high negative predictive value, 98 per cent, thus indicating that a patient without radiographic central necrosis will probably not have extracapsular spread.
• The finding of lymph node central necrosis on pre-operative computed tomography (CT) is associated with the presence of histopathologically identified metastatic lymph node extracapsular spread • Such central necrosis on pre-operative CT is a sensitive indicator of metastatic lymph node extracapsular spread; lymph node diameter is not • Lack of such central necrosis has a high negative predictive value for metastatic lymph node extracapsular spread Interestingly, only 25 per cent of lymph nodes identified as having central necrosis on CT were found to have actual necrosis on final histopathological analysis. This may be attributed to the prolonged time interval between initial CT scanning and surgery (on average approximately three months), the effects of intervening radiation therapy in some cases, and the specific technique used by the surgical pathologist. Additionally, almost 25 per cent of lymph nodes identified as having central necrosis on CT were found to have central fibrosis when the specimens were subsequently re-examined for the present study. This probably resulted from gradual post-operative transformation of a necrotic core. We do acknowledge several weaknesses of this study. (However, it should be borne in mind that this was a pilot study, and that a larger study along the same lines is needed to provide stronger evidence.) One major weakness was the small sample size. The possibility of selection bias exists; however, cases were included consecutively. Negative findings may be due to low sample size and low statistical power. There was no way to be absolutely certain that the histopathologically examined lymph nodes were identical to the nodes identified on CT. However, we are confident that nodes were reliably matched, in that nodal stations were meticulously delineated intra-operatively, and there were no cases in which a nodal station harboured more than one lymph node with either central necrosis or extracapsular spread. Radiographically and histopathologically identified nodes were matched in collaboration with the attending surgeon, pathologist and radiologist. In general, however, this kind of error would tend to add heterogeneity to our sample, and to understate any correlations. A second caveat with our series was that several patients received intervening radiation therapy between their CT scan and neck dissection. We cannot be sure that this did not alter our results, although we do not believe that it would have introduced any systematic bias -there is no evidence that radiation would cause extracapsular spread in lymph nodes with central necrosis, but not in other lymph nodes. If anything, such radiation would tend to cause lymph node regression, and such an effect would dilute (rather than increase) the strength of our associations. On subgroup analysis (data not shown), there were no differences in rates of central necrosis or extracapsular spread, comparing irradiated and non-irradiated cases.
Conclusion
This study represents a multidisciplinary investigation of the relationship between cervical lymph nodes with central necrosis, as viewed on pre-operative CT, and the finding of metastatic lymph node extracapsular spread upon post-operative histopathological analysis.
While the results support the hypothesis that lymph node central necrosis on pre-treatment CT is a highly sensitive marker of histopathologically identified extracapsular spread, a larger study of similar design would be valuable. This would consist of a prospective trial with larger patient numbers, in which the specific nodes seen on CT would be matched to the nodes undergoing histopathological analysis. Such a study would generate important prognostic information, the early availability of which would be of value to patients, surgeons and the entire R A ZOUMALAN, A J KLEINBERGER, L G T MORRIS et al.
